Smart systems are devices which are capable of interacting with the environment by sensing it, taking decisions and adjusting their behavior accordingly. When these concepts are applied to a wireless communication system, antenna structures stand out as a key element regarding the overall performance of the smart system. In this case the smart antenna system is composed by an antenna capable of modifying its properties and a real-time synthesis algorithm controlling the antenna parameters.
Antenna Design
The antenna is designed to work at 5.5GHz and is based in a pixelled structure, which consists in a switched grid of electrically small metallic patches [4] . The placement of a switch at several patches adjacencies allows the modification of the current distribution over the antenna and thus modifying its radiation pattern. This type of antenna architecture is usually based on a uniform grid of constant size patches. However, the reconfiguration capabilities of the antenna can be enhanced and the number of necessary switches reduced by using a multi-size pixel distribution. The idea behind the present geometry is to locate the different reconfiguration capabilities on different antenna regions. The lower region which is near to the RF input port is responsible of the antenna matching, while the upper region allows the modification of the radiation pattern. In order to minimize the influence of the upper part over the input impedance, this region is left as a parasitic area. This isolation of functionalities allows an independent optimization of the pixel size for each region. Since the input impedance is very sensitive to any dimensional change a fine grid of patches has been designed for the lower region. On the other hand, to modify the antenna radiation pattern strong modifications over the current distribution are required, which makes more convenient the use of larger patches in its corresponding region.
The position of the switches has been determined by optimizing a fully switched model (a switch between in pair of adjacent patches) under different conditions and replacing the switches with the less variable status by gaps or wires depending on the predominant status. In order to reduce the complexity of the design, this criterion has been made compatible with the possibility of placing all the switches bias lines in the same layer of the substrate, leading to a total number of necessary switches equal to 12.
Genetic Synthesis Procedure
In order to take advantage of the antenna reconfigurability an optimization algorithm is needed. This optimization algorithm determines the status of each one the switches in order to synthesize a certain radiation pattern. The criteria followed for this purpose is the maximization of the antenna gain in a specific direction, which means that the synthesis procedure is running an joint optimization of both the radiation pattern, in order to have a maximum in the desired direction, and also the reflection coefficient, in order to reduce the losses due to mismatch. The situation may be formulated as the following discrete optimization problem Suitable optimization algorithms in this case are those capable of dealing with a discrete space of parameters, such are genetic algorithms [5] , neural networks [6] and particle swarm optimization [7] . In this case a genetic algorithm has been employed due to its good performance regarding convergence speed and avoidance of local maximums when applied to electromagnetic problems.
The implementation of the genetic procedure has been coded in Matlab, controlling also the launching of the electromagnetic simulations required to the compute the fitness of each configuration. These EM simulations have been performed using a full wave finite element method with models that include the high-resistive bias lines and the exact geometry of the switches. In order to obtain good rates of convergence the parameters of the genetic algorithm must be chosen properly. In this case, a value of 15 for the population of each generation and a 5% of individual mutation probability lead to convergence in approximately 15 iterations. The choice of these two parameters is especially important in a real-time optimization situation. Low values of population with high mutation probabilities lead to fast-response smart antennas, suitable for highly changing environments where the channel presents a small coherence time. On the other hand, high values of population and low mutation probabilities reduce the adaptation speed but lead to more stable configurations closer to optimal solution, what made them appropriate for slow changing environments.
Simulations and Measurements
The genetic synthesis algorithm has been applied for maximization of the antenna gain at 4 different direction of arrival (-60º, -30º, 30º and 60º). The resulting switch configurations after 15 iterations are presented in Table I , where 0 and 1 represent an ON and OFF status respectively and the switch enumeration corresponds to Fig. 2 .
In Fig. 3 and Fig. 4 is represented respectively the radiation pattern and reflection coefficient of each configuration. It can be observed that the maximum of the radiation patterns is pointing to the desired direction in each case, with directivity between 6dB and 8dB, which is a high value taking into account that the overall size of the antenna is around half-wavelength. At the same time, the different configurations present resonances close to the design frequency (5.5 GHz) with values of return losses below 10dB.
To experimentally validate these results, a simpler switched prototype (Fig. 5) capable of steering the main beam towards two different directions (-30º and 30º) has been manufactured. Since only 2 configurations have been taken into account, the number of necessary switches has been reduced to 4.
The measures of the radiation pattern and the reflection coefficient are presented in Fig. 6 and Fig. 7 respectively. It can be observed a good agreement between simulations and measures, with radiation patterns steered to the desired direction while maintaining a good matching. 
Conclusions
A smart antenna system has been designed combining reconfigurable antenna concepts with genetic optimization algorithms. The employment of different sized patches in the antenna geometry has allowed the use of a simpler structure with a low number of switches while maintaining a good reconfiguration capability. The combination of the previous antenna with genetic synthesis algorithms have made up a smart antenna system capable of steering the radiation pattern over an angular sector of 120º. A simpler prototype has been manufactured and measured, presenting a good agreement with simulated results. 
